of fibre, fabric surface and construction, type and concentration of dyestuff, fluorescent whitening agent (FWA), UV-B protective agents, as well as nanoparticles, if applied [6, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] .
Textile finishing agents for UV protection can be incorporated into the fibre matrix, or it can be applied to the surface of the fabric [15] . Usually, sun protection effect is achieved through the use of UV absorbers [14] [15] [16] [17] [18] . Molecules of UV absorbers, such as benzotriazole and phenyl benzotriazole, are able to absorb the damaging UV-R range of 290-360 nm and convert it into harmless heat energy. Latest research declare that FWAs and UV absorbers can be applied in washing [27, 28] .
Light conversion
When P. Krais in 1929 discovered fluorescent compound Aesculin by water extraction from wild chestnut, he wrote "About the new white ...". It was the new white indeed, never seen before such high whiteness degree. However, he could never assume that this UV-A absorption of FWAs would result in better UV protection as well [6, 15-17, 26, 27] . Based on electronically excited state by energy of UV-R (usually 340-370 nm), the molecules of FWAs show the phenomenon of fluorescence giving to white textiles high whiteness of outstanding brightness by reemitting the energy at the blue region (typically 420-470 nm) of the spectrum. This phenomenon can be explained by modified diagram according to Jablonski (Fig. 2) [33] . An electronically excited molecule can lose its energy by emission of radiation, which is known as "luminescence". One of these kinds of emission is fluorescence. According to Fig. 2 , fluorescence is an emission process occurring from lowest excited state (S 1 ) to the ground state (S 0 ). The frequency of fluorescence radiation is lower than that of excitation light (which is known Stokes Law). For the same compound, an ideal emission should be the mirror image of the absorption band system. There are many organic compounds for the application on textiles like stilbene, bis-benzoxazole, cumarine and pyrazoline derivates and many others. It is well known that fluorescent compounds show the high fluorescence intensity at low concentration on textile and other materials. Recently, FWAs showed the good prevention of harmful UV rays. By absorbing UV-A radiation, optical brightened fabrics transform this radiation into blue fluorescence, lowering UV transmission, contributing to high ultraviolet protection factor (UPF), which results in better UV protection.
Light scattering
The presence of inorganic pigments in the fibres also allows better scattering of light from the substrate, thus providing better protection [13] . Titanium dioxide (TiO 2 ), which is used as a delustering agent, and other ceramic materials have an absorption capacity in the UV region of 280-400 nm reflecting visible and infrared rays. Incorporation of TiO 2 into fibre matrix improves the UV blocking capacity of the fibre [31, 32] . Good skin protection thereby can be achieved by the textile itself, if the fabric is sufficiently dense. Introducing the nanoparticles in textile finishing led to UV protection by coating the surface of textiles and clothing with nano particles of titanium and zinc oxide [29, 30] , and nowadays, of natural zeolite clinoptilolite [22] [23] [24] .
Natural zeolites are rock-forming, microporous silicate minerals that act as strong adsorbents and ion-exchangers, having multiple uses in medicine and industry, agriculture, water purification and detergents. Zeolites are nontoxic substance, excellent for proteins and small molecules such as glucose adsorption; even absorbs toxins, mould and caesium. It has positive effect on the metabolism of living organisms and its anticancerogenic, antiviral, antimetastatic and antioxidant effect. Clinoptilolite can be grinded by a certain tribomechanical processing in a patented machine (Patent: PCT/1B99/00757) by obtaining particles on a submicron level (micro and nanoparticles) yielding all the above-mentioned properties. When applied externally in powder form, it has been found to quicken the healing of wounds and surgical incisions and act as proven bactericides and fungicides as well. Applied as nanoparticles to textile surface, it scatters the UV-R, resulting in lower UV-A and UV-B transmission. If applied with other UV absorbing agents, e.g. FWAs, synergistic effect occurs.
Silicones are inert, synthetic compounds with a variety of forms and uses. They provide a unique soft touch, are very resistant to washing and improve the fabric protection against UV radiation [34] .
Therefore, the UV protective properties of cotton fabric achieved by light conversion and scattering by application of FWA, natural zeolite and silicone were researched in this paper.
Experimental

Materials
Chemically bleached cotton fabric was used. It was plain weave fabric of 100% cotton yarn of 25 tex and surface mass 240 g/m 2 .
FWAs chemically based on stilbene disulphonic acid triazine derivative (Uvitex RSB, Ciba-Geigy AG) shown in Figure  3 Table 1 . 
Methods
The fabric UV protection was determined according to AS/ NZS 4399:1996 Sun Protective Clothing: evaluation and classification. UVA and UVB transmission through fabric were measured on Varian Cary 50 Spectrophotometer, and UPF was calculated automatically. UPF indicates the ability of fabrics to protect the skin against sun burning saying how much longer a person can stay in the sun with the fabric covering the skin as compared with the uncovered skin to obtain same erythemal response [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . According to the standards, excellent protection is if UPF is higher than 40. For countries with UV index 7-10 such as Mediterranean countries, Australia and USA, the UPF should be 15 times higher than UV index [17] . 
Results and discussion
The UV protective properties of cotton fabric achieved by light conversion and scattering were researched in this paper. For that purpose, the stilbene derivate FWA was applied on cotton fabric in wide concentration range without/with the addition of natural zeolite or silicone -polydimethylsiloxane (PDMS). UV protection was determined in vitro through UPF. Additionally, the influence to fabric whiteness and hand was researched.
UV protective ability is presented in Table 2 and Figure 5 .
In every wet treatment, cotton swells leading to fabric shrinkage. For the purpose of this research, fabrics were treated by pad-dry procedure, which provides dimensional stability, and no shrinkage occurred. Therefore, the results of UV-R transmission are exclusively related to the agent applied.
The impact of fluorescent compounds -stilbene disulphonic acid triazine derivative and distyryl biphenyl derivative, zeolite and silicone on the UV protection of cotton fabrics -was monitored by the UV-A and UV-B (Table 3) transmission and UPF ( Figures 5 and 6 ). It is evident that high effects in textile cleaning of genetic and added impurities such as waxes, protein substances, pectin and other during scouring and bleaching in peroxide baths, where pigments are removed [16] , result in low UV protection. UPF of bleached cotton fabric is 11.8, which makes it non-rateable for UV protection.
From the results shown in Table 3 and in Figure 5 , it can be seen that both applied FWAs, stilbene disulphonic acid triazine derivative Uvitex RSB and distyryl biphenyl derivative Uvitex NFW, even at low concentration, lead to higher UPF (UPF B-RSB-1 = 46.8, UPF B-NFW-1 = 121.7), resulting in excellent UV protection. By absorbing UV-A radiation, optical brightened fabrics transform this radiation into blue fluorescence, which leads to maximum UV protection in higher concentrations (UPF B-RSB-50 = 716.3, UPF B-NFW-1 = 656.6). Since cotton fabrics of the highest FWAs concentrations have the highest UPF, it confirms that FWA insures high protection of UV radiation. When comparing applied FWAs, stilbene disulphonic acid triazine derivative Uvitex RSB and distyryl biphenyl derivative Uvitex NFW, it can be seen that in lower concentrations, distyryl biphenyl derivative (i.e. 1 and 5 g/l) gives off better UPF, whilst stilbene disulphonic acid triazine derivative gives off better UPF at higher FWA concentrations (10 and 50 g/l). It is assumed certain, but different, accumulation of FWAs.
From Table 3 , it can be seen that zeolite nanoparticles increase fabric UV protection from non-rateable to good one UPF B-Z = 20.5. The reason for this is UV-R scattering resulted in lower UV-A and UV-B transmission. Additionally, zeolite increases fabric surface area resulting in higher adsorption of FWA. Therefore, UPF values Since all fabrics achieved excellent UV protection when natural zeolite is applied with other UV absorbing agents, e.g. FWAs, it is to point out that synergistic effect occurred. This phenomenon is more evident when distyryl biphenyl derivative is applied with zeolite.
Treatment with silicone PDMS improves UPF value up to UPF B-S = 13.6, but this cotton fabric is still non-rateable for UV protection. It assumes UV-R reflection from the fabric silicone-treated surface. This softening agent was chosen for this research since it results in highest soft handle properties and improves the sewability; it is resistant to yellowing and not steam-volatile; and the most important, combinable with high-grade finishing agents and optical brightening agents. It is interesting that when applied with stilbene disulphonic acid triazine derivative, it results in similar UPF values; whilst if distyryl biphenyl derivative applied UPF values are even higher.
The reason for that is in the molecule structure of FWA. Since distyryl biphenyl derivative has smaller molecule, it is assumed that it can bind to available hydroxyl groups of cotton cellulose left after silicone was bonded. For the stilbene disulphonic acid triazine derivative, it is assumed that competition between the FWA and silicone occurred, and therefore the UPF is lower. However, all the UPF values indicate excellent UV protection. [16, 35] . From the results of the whiteness and fluorescence of FWA-treated cotton fabrics, it can be seen that the concentration of 5 g/l is the optimum concentration for both FWAs -stilbene disulphonic acid triazine derivative (W = 132.7) and distyryl biphenyl derivative (W = 135.2). As the whiteness increases, the yellowness lowers to the negative values. At the low concentrations of both FWAs, blue fluorescence neutralizes the yellowness of
Since this research was done on white cotton fabrics, it was interesting to research whiteness and yellowness, and the effect of fluorescence when FWAs were applied. The CIE whiteness degree, yellowing index, relative intensity of fluorescence, maximum of remission (R max ) and wavelength (λ max ), are presented in Table 3 . Remission curves are presented in Figures 6 and 7 .
(a) FWA, (b) FWA + zeolite and (c) FWA + silicone.
From Table 3 , it is evident that scouring and chemical bleaching resulted in white cotton fabric. High whiteness and outstanding brightness of cotton fabrics were achieved by FWA a. bleached fabric giving the high luminosity and "most beautiful" white. Applied in the higher concentration than the optimal one from results of remission and wavelength maximums, presented in Table 3 and Figures 5 and 6 , it can be seen that the change in emission spectrum occurred. It is a consequence Natural zeolites are yellowish. Its application lowers fabric whiteness, from 71.1 to 68.5, and a small yellowing occurs, from 5.9 to 7.7. However, the surface area increases, such treated fabric absorbs high amounts of FWA, resulting in the change of optimal concentration, which arises to 10 g/l. Additionally, the extinction of fluorescence by quenching phenomenon, with a consequence of yellowness, e.g. from 18.2 (B-RSB-5) to 6.2 (B-RSB-50). Considering the chemical construction of FWA, the quenching phenomenon is significantly lower for distyryl biphenyl derivative. such high adsorption of FWA leads to synergistic effect on UV protection. As said above, zeolite-treated cotton fabrics give off excellent UV protection after FWA treatment, regardless if stilbene disulphonic acid triazine derivative or distyryl biphenyl derivative applied.
Considering silicone treatment, the results in Table 3 confirm that applied PDMS with amino-alkyl groups (Softycon SRN, Textilcolor) is combinable with both FWAs -stilbene disulphonic acid triazine derivative and distyryl biphenyl derivative optical brightening agents. Not only it is resistant to yellowing but also it improves fabric whiteness at higher FWA concentrations as well. Structurally, amino functional silicone consists of an inorganic siloxane backbone with pendant methyl groups -PDMS with additional amino-alkyl groups (Figure 8) . It is to assume that hydrogen bonding and Coulombic forces of interaction between the partly protonated amino-alkyl groups of the silicone and hydroxy groups at the cellulose surface are reinforced by additional interaction between the dimethyl siloxane units and the FWAs. indicate a worse fabric hand, but it significantly contributes to a better UV protection. Silicone application significantly improves fabric hand. All evaluators described these fabrics much softer and smoother. The mobility of the silicone polymer segments is favoured by electrostatic repulsion between cationic groups, which results in the optimum degree of softness.
Conclusions
Primary prevention and early detection are essential regarding deduction of melanoma incidence. Since chemically bleached cotton fabrics are non-rateable for UV protection, additional treatments are necessary. In this paper, the UV protective properties of cotton fabric were achieved by light conversion and scattering. Treatment with FWAs in wide concentration range without/with the addition of natural zeolite or silicone -PDMS Since the fabric hand is an important aesthetic and comfort characteristic, usually defined according to Vigo [36] as "the subjective assessment of a textile material obtained from the sense of touch" or according to AATCC EP 5 as "the tactile sensation or impressions which arise when fabrics are touched, squeezed, rubbed or otherwise handled", it was evaluated by subjective assessment, respectively. Results are presented in Table 4 .
Cotton fabrics generally have soft handle and good drape. If absorptivity is taken in account as well, it is the one of the most comfortable wear. From Table 4 , the zeolite treatment effects fabric hand is quite evident. All the evaluators have described these fabrics little bit stiff and rough. Zeolites, as micro-and nano-particles, penetrate into the cotton fabric, but most of those particles remain on the fabric surface. Application of zeolites with FWAs results in similar evaluation. These results clearly Table 4 . Fabric hand subjective evaluation for FWA, zeolite-and silicone-treated cotton fabrics. leads to multifunctionality -high whiteness, neutralization of yellowness, giving to the fabric high luminosity, soft hand and protection against UV radiation.
Sample
By absorbing UV-A radiation and transforming it into blue fluorescence, optical brightened fabrics give off excellent UV protection. As higher concentration of FWAs was applied, better UV protection was achieved. On the other hand, FWAs show the phenomenon of fluorescence only if applied in optimal range of concentration. In the range of higher concentration quenching of fluorescence occurs, resulting in fabric yellowness. The harmonic change from bleached cotton fabric, through brilliant whiteness, to yellowness has been more outlined for distyryl biphenyl derivative.
Applying the natural zeolite to the cotton fabric surface, micro and nanoparticles scatter UV-R, lowering UV-A and UV-B transmission, leading to good UV protection. Zeolite increases fabric surface area resulting in higher adsorption of FWA. Zeolite and FWAs showed synergism and yield excellent UV protection. This phenomenon is more evident if distyryl biphenyl derivative is applied with zeolite.
Reflection of UV light from the silicone PDMS on the fabric surface improved UV protection, whilst fabric whiteness is unchanged. FWA, distyryl biphenyl derivative additionally improved UV protection when synergistic effect with PDMS occurred.
Cotton fabrics showed soft hand. Zeolite improved UV protection; however, comfort and aesthetics were clearly deteriorated. On the other hand, these properties have been improved to a significant extent by the application of polydimethylsiloxane.
It is to point out that achieved UV protection is excellent and can even obey that request regarding UV index during the summer time in Mediterranean countries, as well as Australia and USA, which acquire UPF >150.
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